Construction of expression plasmids containing two archaeal RPP genes in tandem.
Mja RPPTC1: Digestion of pET-15b-MjaRPP30 with BglII and BlpI released the Mja RPP30 ORF together with its upstream T7 RNA polymerase promoter and downstream T7 terminator.
This fragment was then inserted into pLANT-2b-Mja POP5 that had been digested with BamHI and BlpI to generate Mja RPPTC1, a construct in which Mja POP5 and RPP30 are present in tandem, each with its own T7 RNA polymerase promoter and control elements as originally conceived in the pET system (8).
Mja RPPTC2: Digestion of pLANT-2b-Mja RPP29 with BglII and EcoRI released the MjaRPP29 ORF together with its upstream T7 RNA polymerase promoter and downstream T7 terminator as well as the RIL tRNA gene cluster present in pLANT-2b. This fragment was inserted into pET-15b-Mja RPP21 that had been digested with BglII and EcoRI to generate Mja RPPTC2, a construct in which Mja RPP21 and RPP29 are present in tandem.
Mth RPPTC1: The same approach as Mja RPPTC1 was used (except with Mth RPP-encoding plasmids) to generate a construct in which Mth POP5 and RPP30 are present in tandem.
Mth RPPTC2: Digestion of pET-15b-Mth RPP21 with BglII and BlpI released the Mth RPP21 ORF together with its upstream T7 RNA polymerase promoter and downstream T7 terminator.
This fragment was inserted into pLANT-2b-Mth RPP29 that had been digested with BamHI and BlpI to generate Mth RPPTC2, a construct in which Mth RPP21 and RPP29 are present in tandem.
Pfu RPPTC1: Digestion of pET-33b-Pfu RPP30 (5) with BglII, followed by fill-in with Klenow and digestion with BlpI released the Pfu RPP30 ORF with its upstream T7 RNA polymerase promoter and downstream T7 terminator. This fragment was inserted into pET-33b-Pfu POP5 (5) that had been digested with EcoRI, filled in with Klenow, and then digested with BlpI, to generate Pfu RPPTC1, a construct in which Pfu POP5 and RPP30 are present in tandem.
Pfu RPPTC2: Same approach as Pfu RPPTC1, except that the insert was derived from digestion of pET-33b-Pfu RPP21 and the vector recipient was pET-33b-Pfu RPP29. Pfu RPPTC2 is a construct in which Pfu RPP29 and RPP21 are present in tandem.
Overexpression of archaeal RPPs. For co-overexpression of archaeal binary RPPs in E. coli BL21(DE3) cells, we used plasmids in which the two ORFs were present in tandem. The induction procedures were identical for Mja, Mth and Pfu RPPs. We use the Mja RPPs as a representative in the following description. E. coli BL21(DE3) cells were freshly transformed with pLANT-2b-Mja RPPTC1 or pET-15b-Mja RPPTC2. A single colony was used to inoculate 5 ml LB medium containing 35 !g/mL kanamycin (Mja POP5!RPP30) or 100 µg/mL carbenicillin (Mja RPP21!RPP29), respectively, and grown overnight at 37°C with shaking. These overnight cultures were used to inoculate 500 ml of fresh LB media containing the appropriate antibiotics.
The cells were grown at 37°C with shaking and induced with 1 mM isopropyl-"-D-thiogalactoside (IPTG) at Abs 600 ~0.6 to 0.8. To the RPP21!RPP29-expressing cultures, 1 mM ZnCl 2 was also added at the time of induction since RPP21 requires Zn 2+ to fold properly (9,10).
Subsequent to IPTG addition, the cells were were grown either at 37°C for 3 h (Mja RPP21!RPP29) or at 24°C for 15 h (Mja POP5!RPP30) and harvested by centrifugation. The cell pellets were stored at -80°C until further use.
Purification of archaeal binary RPP complexes.
Mja RPPs: Frozen cells (from a 125 ml culture) were thawed on ice and re-suspended in 20 ml 2 , and stored at room temperature until further use.
Estimation of the molar ratio of Pfu POP5!RPP30 and RPP21!RPP29 binary complexes.
About 2.5 µg of each RPP pair was separated in a 15% (w/v) acrylamide gel (37.5:1) using
Tricine-SDS-PAGE (11) and stained with SYPRO Ruby protein gel staining dye (Invitrogen).
The gels were imaged with VersaDoc System, which utilizes a CCD camera to capture UVfluorescence images of the gels. The intensities of bands were analyzed using the software PDQuest (Bio-Rad). The relative stoichiometries were calculated from the intensities of the individual RPP bands and the molecular weight of the different RPPs. Examples of the curve fits of the rate of product formation by Mth RPR with and without RPPs under their respective optimal conditions (see Table I 
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